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OPTICAL RECORDING MEDIUM AND REPRODUCING APPARATUS 

FIELD OF THE INVENTION 
The present invention relates to an optical 
recording medium which prevents unauthorized copying of 
copyrighted information, and a reproducing apparatus 
which sets reproducing restriction if the recording 
medium by unauthorized copying is loaded therein. 

BACKGROUND OF THE INVENTION 

In recent years, an optical disk such as CD and DVD 
has widely been used as an information recording medium. 

The information recording medium can be roughly 
divided into three types: a read only type called ROM, a 
write once type called R, and a rewritable type called 
RW. 
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Also, the recording and reproducing appararus for 
the recording medium has been developed and significantly 
popularized . 

In the information recording medium, an optical disk 
includes at least the following characteristics (1) - (4) : 

(1) Compared to a magnetic tape medium, optical disk 
provides a better access performance to information; 

(2) Compared to a semiconductor memory, recording 
capacity per unit is larger, and low unit price of 
capacity can be realized; 

(3) It is possible to separate the optical disk from 
an apparatus itself and to handle the optical disk 
indivisually; and 

(4) It is possible to preserve recorded information 
in a good condition. 

The above-mentioned characteristics (1) and (2) also 
correspond to those of hard disk apparatus, and the hard 
disk apparatus is widely recognized and popularized for 
the use of temporarily storing information. 

The reason an optical disk and an optical disk 
apparatus have been developed and popularzed separately 
from a hard disk apparatus is mainly because of the above 
characteristics (3) and (4) . 

An optical disk is the most suitable information 
recording medium for storing a large volume of 



information such as movie and music, which allows one to 
buy and sell a medium itself. 

An optical disk is also suitable for carefully 
recording and storing information which has been produced 
personally, and in case of a shortage of capacity, it is 
possible to increase the capacity for storing information 
only by making an additional medium, which can be 
obtained at low cost as noted in the above 
characteristics (2) . 

An optical disk has not only these good 
characteristics but also some problems. 

That is, information recorded on the optical disk is 
digital information. Unlike analog information, digital 
information, which is re-recorded to another digital 
recording apparatus, in principle does not deteriorate 
with respect to original information. This means that it 
is possible to copy as much information which is the same 
as the original information as one likes. 

Meanwhile, some optical disks in which movie and 
music are stored include copyrighted image and audio 
information. Unauthorized copying of the optical disk 
including such copyrighted information to other 
inexpensive recording medium, that is, distribution of a 
pirated edition to the public, is considered as an 
infringement of copyright. 



As methods for protecting copyright with respect to 
the optical disk, the following techniques (1) - (3) are 
known . 

(1) For example, CSS (Content Scrambling System) , 
a copyright protection system using the encryption 
technique, is selected for DVD. Encrypting copyrighted 
information to be recorded on the optical disk prevents 
unauthorized reproduction of information. 

(2) Data is recorded on the optical disk in two 
different pit depths, so that information based on a 
quantity of reflected light from the pit and information 
based on the polarity of tangential push/pull signal from 
the pit are obtained (Japanese Laid-Open Patent 
Publication by the present applicant: JP-A-2001-76347 , 
published on March 23, 2001) . 

Even if pit information of this optical disk is 
copied, information based on the polarity of tangential 
push/pull signal can not be copied physically to other 
recording medium. 

The reason for this is that the tangential push/pull 
signal is generated by physically changing the pit depth, 
making it impossible for other recordable medium 
(magnetic recording medium or phase change recording 
medium) to record it . 

Therefore, recording copyright over the information 



based on the polarity of tangential push/pull signal 
makes it possible to set reproducing restriction on the 
recording medium from which the information cannot be 
detected. 

(3) Digital watermarking technique is recently 
focused on. The digital watermarking technique has been 
introduced, for example, in NIKKEI ELECTRONICS (issued on 
February 24, 1997, pl49-pl62) . 

In digital watermarking technique, 
copyright information can be embedded in copyrighted 
information. The embedded copyright information, even if 
it is copied, remains in information copied by 
unauthorized copying, thereby finding whether or not the 
information is the subject of copyright protection. 

However, the prior art described above has the 
following problems. 

In the copyright protection technique described in 
the above (1) , at the stage of decrypting the encryption, 
original copyrighted information can be read out. 

Many users watch DVD on a recent personal computer, 
and in such case, decryption is often performed on the 
CPU of the personal computer with software. 

Thus, it is possible for one who has some level of 
knowledge and technique to decrypt encrypted copyrighted 
information and to read it out as digital information by 



tempering with the software. 

By copying the digital information to other 
recordable recording medium such as an optical disk, a 
pirated edition, which can be reproduced in a common 
reproducing apparatus, is produced. 

In the technique using the tangential push/pull 
signal described in the above (2) , it is possible to set 
reproducing restriction on the optical disk from which 
information based on the tangential push/pull signal 
cannot be detected, that is, the optical disk assumed to 
have been copied by unauthorized copying. 

However, this means that the reproducing restriction 
is also set on the optical disk which does not include 
information based on the polarity of tangential push/pull 
signal (optical disk in which copyright - free information 
is recorded, write once disk, and rewritable disk) . 

In addition, in the technique (2) described above, 
it is impossible to prevent unauthorized copying of data 
that was created, for example, by encoding images 
delivered on a screen. 

In the digital watermarking technique described in 
the above (3), the copyright information by digital 
watermarking remains in the disk of pirated edition. 

Therefore, it is possible to detect whether or not 
the disk of pirated edition includes copyrighted 



information . 

However, while this technique may be able to warn 
the user, it is not capable of preventing copying to 
other recording medium. Therefore, re-distribution of the 
disk of pirated edition to the public is possible, and 
the product disk of pirated edition can still be 
reproduced by a common reproducing apparatus. 

In addition, in the technique (3) described above, 
if a measure is taken to prohibit recording and 
reproducing of the recording medium in which 
copyright information is not embedded, it becomes 
impossible to reproduce the recording medium which is not 
subject to copyright protection. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
optical recording medium which can prevent reproduction 
from unauthorized copies, and a reproducing apparatus 
which can prohibit recording and reproducing of 
unauthorized copies based on encoded data and which can 
reproduce write -once and rewritable optical recording 
medium which are not subject to copyright protection. 

The above-mentioned object can be achieved by an 
optical recording medium of the present invention in 
which main information and additional information which 
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is required to reproduce the main information are 
recorded, the additional information is formed 
physically, and copyright protection information by 
digital watermarking is embedded in the main information. 

That is, with respect to the optical recording 
medium, the additional information is formed physically 
and copyright protection information by digital 
watermarking is embedded in the main information. 

According to this invention, the optical recording 
medium carries the main information and the additional 
information. The additional information is the 
information which is required to reproduce the main 
information. 

Since the additional information is formed 
physically, it cannot be copied to another recordable 
optical recording medium. That means, in case of 
unauthorized copying, the additional information which is 
formed physically is not detected; therefore, the optical 
recording medium by unauthorized copying cannot be 
reproduced properly. 

On the other hand, copyright protection information 
is embedded in the main information by digital 
watermarking. In copying to another recordable optical 
recording medium, the copyright protection information is 
copied as it is. That is, in case of unauthorized 



copying, this copyright protection information is 
detected. 

As described above, in case of unauthorized copying, 
even if this optical recording medium is reproduced, the 
additional information formed physically is not detected, 
but the copyright protection information embedded in the 
main information is detected. 

Therefore, this result of detection makes it 
possible to judge accurately whether or not the optical 
recording medium is the one by unauthorized copying. 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is an explanatory drawing illustrating an 

optical disk of the present invention. 

Fig. 2 is an explanatory drawing illustrating the 

outline of restricting a reproducing process. 

Fig. 3 is a flowchart illustrating a process flow 

of restricting reproduction with respect to the optical 

disk . 

Fig. 4 is an explanatory drawing illustrating the 
relationship between pit depth and amplitude of RF 
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signal and T-PP signal. 

Fig. 5 (a) is an explanatory drawing illustrating 
how an optical light beam spot runs on pits in a beam 
running direction, and Fig. 5(b) is an explanatory 
drawing illustrating how reflected light from the 
optical disk is focussed on the photodetector composed 
by dichotomized photoreceptors A and B. 

Fig. 6 is an explanatory drawing illustrating a 
change in RF signal accompanied by a change in the 
quantity of light incident on the photoreceptors, as 
affected by the diffraction of the light which is 
projected on the pit. 

Fig. 7 is an explanatory drawing illustrating a 
relationship between recording pit line, RF signal, and 
T-PP information. 

Fig. 8 is a block diagram showing an exemplary 
structure of a reproducing apparatus of the present 
invention . 

Fig. 9 (a) is an explanatory drawing illustrating 
the case where main information is an object of 
copyright protection, Fig. 9(b) is an explanatory 
drawing illustrating the case where main information is 
not an object of copyright protection. 

Fig. 10 is an explanatory drawing illustrating 
another embodiment according to the present invention. 
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Fig. 11 is an explanatory drawing illustrating yet 
another embodiment according to the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

Referring to Fig.l through Fig. 9, an embodiment of 
the present invention is described below. 

Referring to Fig. 4 to Fig. 9, tangential push/pull 
signal (hereinafter "T-PP signal") as additional 
information is described below. 

The additional information is required to 
reproduce main information (copyrighted information) . 

The currently employed mode of recording 
information with respect to a read only optical disk, 
as represented by CD and DVD, which records information 
in the form of pits is based on a method called pit 
length recording whereby information is represented by 
the presence or absence of pits, pit shape, and pit 
length in the track direction. 

While rotating the optical disk, an optical beam 
spot is guided to a pit, and reflected light from the 
pit is focused on a photo-detector and converted to an 
electric signal to be outputted as an RF signal. The RF 
signal is a reproducing signal of the information 
recorded in the optical disk. 

Fig. 4 shows a relationship between pit depth and 
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respective amplitudes of RF signal and T-PP signal. In 
Fig. 4, a horizontal axis indicates pit depth, X 
indicates a wavelength of the light beam used 
(reproducing light beam) , and n indicates a refractive 
index of the substrate of the optical disk (coverglass 
of the optical disk) . 

As is clear from Fig. 4, the amplitude of RF signal 
is maximum at the pit depth of X/4n. This maximum value 
is normalized as 1 in Fig. 4. 

The amplitude of T-PP signal is maximum at the pit 
depth of X/8n. This maximum value is normalized as 1 in 
Fig. 4. The polarity of T-PP signal is reversed at the 
pit depth of X/4n. 

Next, referring to Fig. 5 and Fig. 6, RF signal and 
T-PP signal are described below. 

Fig. 5 (a) shows a state in which the optical light 
beam spot is running in the beam running direction on 
the pits, Fig. 5(b) shows a state in which the reflected 
light from the optical disk is being focussed on the 
photodetector composed by dichotomized photoreceptor A 
and B. 

Using the output of the dichotomized photoreceptor 
A and B, RF signal and T-PP signal are found from the 
respective equations as follows. 

RF = A + B ... (1) 
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T - PP = A - B . . . (2) 

RF signal corresponds to the sum of the quantity 
of the light incident on the photoreceptor A and B 
among the reflected light from the optical disk. While 
light beam spot is on the pit, the light irradiated on 
the pit is diffracted by the pit and the quantity of 
the light incident on the photoreceptor A and B 
decreases. As a result, the level of RF signal 
declines. Fig. 6 shows how RF signal changes. 

On the other hand, as shown in Fig. 6, T-PP signal 
is a signal which indicates a bias of the quantity of 
reflected light in the pit length direction (tangential 
direction) when the optical disk is irradiated with the 
light beam spot . 

When the light beam spot cross an edge of the pit, 
a diffraction direction of the light biases to the pit 
length direction. The direction of bias becomes 
different, depending on whether the light is on the 
front edge or rear edge of the pit . 

Thus, in finding a difference of output between 
the photoreceptors A and B, a pulse signal of different 
polarities at the front edge and rear edge of the pit 
is found. 

However, the polarity of the signal at the front 
edge and rear edge of the pit depends on a pit depth. 
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As shown in Fig. 6, at pit depth Dl (< X/4n) , a 
positive pulse signal is generated at the front edge of 
the pit and a negative pulse signal is generated at the 
rear edge . 

On the other hand, at pit depth D2 (X/4n<D2<X/2n) 
a positive pulse signal is generated at the rear edge 
of the pit and a negative pulse signal is generated at 
the front edge . 

As shown in Fig. 6, a positive reference value and 
a negative reference value are set. These reference 
values are set so as to output [1] (high level) of 
binary logic if it is detected that T-PP signal is 
above the positive reference value, or [0] (low level) 
of binary logic if it is detected that T-PP signal is 
below the negative reference value. If this is regarded 
as the information based on the polarity of T-PP 
signal, the wave form of this information becomes 
clearly different from that of the RF signal. 

Next, the digital watermarking technique is 
described below. The digital watermarking is the 
technique in which the watermark information meet the 
following conditions (a) through (e) . 

(a) watermark information is to be embedded in the 
main information (copyrighted information, here) . 

(b) watermark information is to be extracted by 
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performing a certain process on the main information. 

(c) watermark information is to be embedded so as 
not to be noticed by main information users. 

(d) watermark information is not to be easily 
removed from the main information, and if removed, the 
main information suffers from damage which makes the 
main information unusable. 

(e) watermark information is to remain even if it 
gets various attacks (for example, filtering process or 
compressing process) . 

As a method for embedding information by the 
digital watermarking technique, there is a method that 
performs computation to digital data which indicates 
color and brightness, etc., of image information. 

As another method, for example, there is a method 
that embeds information by performing frequency 
conversion such as fast Fourier transform, discrete 
cosine transform, and wavelet transform, and after 
watermark information of image information is added to 
the frequency region, performing the corresponding 
reverse frequency conversion. 

Information such as video and audio information 
that is an object of copyright protection is to be 
recorded in the optical disk according to the present 
invention. Note that, such information is recorded in a 
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read only disk (that is, original disk called ROM) 
here . 

For convenience of explanation, the main 
information indicates information such as video and 
audio information (information based on the quantity of 
reflected light) , T-PP information indicates 
information based on the polarity of tangential 
push/pull signal, and watermark information indicates 
information embedded by the digital watermarking 
technique (copyright protection information) . 

In the above-mentioned read only disk, copyright 
protection information by the T-PP information and the 
main information embedded with the watermark 
information are recorded. 

T-PP information records a signal indicating that 
the read only disk is the object of copyright 
protection, for example, in a specific T-PP area 
thereof (e.g., control area) (see Fig.l). 

In this area, the RF signal is recorded by pit 
length recording (for convenience of explanation, pit 
shape is constant) , for example, by the recurring 
binary logic of [1] (high level) and [0] (low level) of 
a constant length. However, the T-PP information, which 
is recorded by changing the depth of pits by which the 
RF signal is recorded, is different from RF signal. 
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Fig. 7 shows examples of recording pit series, RF 
signal, and T-PP information. In Fig. 7, O indicates 
recording by pit depth D2 and • indicates recording by 
pit depth Dl. 

According to this example, the RF signal and the 
T-PP information have the following relationship. 

That is, while the RF signal becomes 
[1] , [0] , [1] , [0] . . . , the T-PP information becomes 
[0] , [0] , [1] , [1] , [0] , [0] , [1] , [1] . . . 

In this manner, the RF signal and T-PP information 
are different from each other. In case where it is 
indicated that the main information is the object of 
copyright protection, it is possible to record the T-PP 
information differently from the RF signal. 

Thus, recording the T-PP information as additional 
information makes it possible to prevent the recording 
capacity of main information from being decreased and 
to use recorded additional information effectively. 

As shown in Fig.l, main information is recorded by 
pit- length recording in which information is 
represented by the presence or absence of pits and pit 
length, by forming pits in the user area of a read only 
disk as represented by CD and DVD. Note that, the 
watermark information is embedded in the main 
information in order to indicate that the disk is the 
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object of copyright protection. 

The Watermark information is embedded in the 
following way. For example, the following information 
operation is performed when the main information is 
video information which is the object of copyright 
protection. 

Two points (ai, bi) by pseudo-random number are 
selected from an image. Next, Yai, which is the 
brightness level of ai, is raised by constant value d, 
and Ybi, which is the brightness level of bi, is 
lowered by constant value d. Here, d is an integer of a 
range which does not cause information deterioration. 
This process is repeated for n times. 

The following shows the method for detecting the 
watermark information. That is, two points of 
brightness level (Yai+d, Ybi-d) by pseudo-random number 
are extracted from the image at the same location as 
when the information was embedded. Then, the difference 
between the two points is calculated. 

This procedure is performed for n times at each 
location and obtain the average of these values. 

Watermark information is defined as being embedded 
if the average is d or more and defined as not being 
embedded if the average is less than d. 

Here, the expected value of (Yai-Ybi) is assumed 
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to be 0 (this assumption is based on the fact that two 
points randomly selected have the same brightness, 
leading the difference of 0) . Therefore, the expected 
value of [ (Yai+d) - (Ybi-d) ] is 2d. Thus, the threshold 
value d is used to make judgement. 

This makes it possible to embed watermark 
information while suppressing deterioration of recorded 
information and conversely to detect watermark 
information . 

Information is recorded in the read only disk in 
the described manner. Fig.l shows this flow. 

Note that, the above explanation is an example of 
embedding and detecting watermark information. The 
present invention is not limited to this example and 
has only to meet the foregoing conditions (a) through 
(e) . 

Referring to Fig. 8, the reproducing apparatus of 
the present invention is now described. Note that, the 
reproducing apparatus shown here is also available for 
the reproducing section of a recording and reproducing 
apparatus . 

In Fig. 8, reference numeral 1 is an optical disk 
loaded in the reproducing apparatus. 

There are a total of five types of optical disk 1 
(optical recording medium) available, including: 
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copyrighted read only disk called ROM as described 
above, copyright -free read only disk, write once disk 
called R, and rewritable disk called RW, in addition to 
a ROM of pirated edition copied by unauthorized copying 
from a copyrighted ROM. 

Reference numeral 2 indicates a pickup unit which 
reads out information recorded in the optical disk 1. 
The pickup unit is constructed by a laser diode, a 
laser diode driving circuit, an objective lens, an 
optical system, an actuator, a photoreceptor, etc. 
(none of these are shown) . 

The pickup unit 2 focuses a light beam from the 
laser diode on the optical disk 1 while following the 
tracks (not shown) on the optical disk 1. The reflected 
light is detected by the photoreceptor (for example, 
such as a photodetector which is made up of 
dichotomized photoreceptors A and B as shown in Fig. 5). 

There are three signals which are detected by the 
photoreceptor: a signal for servo control of the pickup 
unit 2; a signal based on the quantity of reflected 
light from a pit, and a T-PP detecting signal. 

Reference numeral 3 is a pickup control unit. The 
pickup control unit 3 amplifies, modifies, and 
processes the signal for servo control obtained from 
the pickup unit 2, so as to create a control signal 



which causes the pickup unit 2 to follow tracks and 
focus the light beam, and then output the control 
signal to the actuator of the pickup unit 2 . 

Reference numeral 4 is an RF signal processing 
unit, which processes the signal based on the quantity 
of reflected light from a pit obtained from the pickup 
unit 2 . 

The process includes obtaining the information 
reproducing signal, modulation, error correcting, etc., 
by binarization, equalization, and PLL. The information 
outputted from the RF signal processing unit 4 
corresponds to the main information recorded on the 
optical disk 1. 

Reference numeral 5 is a watermark information 
processing unit, which judges whether or not watermark 
information is embedded in the information reproduced 
by the RF signal processing unit 4 . 

Detection of watermark information is performed by 
the foregoing way. For prevention of redundancy, an 
explanation thereof is omitted here. 

Reference numeral 6 is a T-PP signal processing 
unit, which processes T-PP detecting signal obtained 
from the pickup unit 2. 

The content of this process is essentially the 
same as that of the RF signal processing unit 4, and 



the binalizing method is as described above. In the T- 
PP signal processing unit, it is judged whether or not 
T-PP signal is finally detected. 

Reference numeral 7 is an output control unit, 
which switches to allow output of the signal from the 
RF signal processing unit 4 as a reproducing signal to 
the output unit 9, or disallow it. 

A signal for switching is outputted from a CPU 8 
which controls the whole system. In addition, a 
peripheral circuit such as memory (not shown in Fig. 8) 
is provided. 

The output unit 9 transforms the signal from the 
RF signal processing unit 4 into a video signal and 
audio signal. The signal outputted from the output unit 
9 is processed by display/ speaker system, and the like 
so that we can listen and watch. 

The method of judgement is now described below. It 
is assumed here that the T-PP information is recorded 
in a specific area (hereinafter "T-PP information 
area") on the optical disk 1, and the RF signal of [1] 
and [0] is recorded repeatedly in the constant pit- 
length. 

If the output of RF signal is different from that 
of T-PP signal in the T-PP information area, it is 
regarded that the T-PP information is detected from the 



optical disk 1, thus judging that the main information 
recorded is the object of copyright protection. 

On the other hand, if the output of RF signal is 
the same as that of T-PP signal, it is regarded that 
the T-PP information is not detected from the optical 
disk 1, thus judging that the main information recorded 
is not the object of copyright protection. 

Fig. 9 (a) is an explanatory drawing in case where 
the main information is the object of copyright 
protection. As shown in the drawing, pits having 
different pit depths D2 and Dl are recorded 
alternately . 

[1010101010101010] is detected as RF signal from 
the T-PP information area on the optical disk 1. 

On the other hand, [0011001100110011] is detected 
as T-PP information. 

By comparing both information, it is found that 
the contents of both information do not agree. As a 
result, the T-PP signal processing unit 6 judges that 
T-PP information was detected from the optical disk 1. 

Fig. 9(b) is an explanatory drawing in case where 
the main information is not the object of copyright 
protection. In this case, the main information is 
recorded all in pit depth Dl . 

[1010101010101010] is detected as RF signal from 
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the T-PP information area on the optical disk 1. 

On the other hand, [1010101010101010] is detected 
as T-PP information. 

By comparing both information, it is found that 
the contents of both information agree. As a result, 
the T-PP signal processing unit 6 judges that T-PP 
information was not detected from the optical disk 1. 

As described above, according to the optical disk 
1 of the present invention, the pits are formed in a 
shape and a pit length of track direction according to 
the main information, and a depth according to the 
additional information . 

That is, plural pits, formed on the optical disk 
1, carry the main information and the additional 
information ( information necessary for reproducing the 
main information) . 

Since the depth of each pit is formed according to 
the additional information, it is impossible to 
physically copy a pit depth to another recordable 
optical recording medium. That means, in case of 
unauthorized copy, the additional information of the 
depth is not detected (reproduced) . 

The pits include a first pit having depth Dl and a 
second pit having depth D2 . It is preferable that the 
depth of the first pit is less than X/4n, the depth of 



the second pit exceeds A/4n, where X is the wavelength 
of a reproduction light beam, and n is the refractive 
index of the optical recording medium. 

In this case, the polarities of the signal 
(tangential push/pull signal) which is detected when 
the reproduction light beam is projected become 
different at the front edge and the rear edge between 
the first pit and the second pit. 

This is because the pit depth is different. In 
this manner, change in the pit depth makes it possible 
to record information in higher density. 

Referring to Table 1, the relationship between the 
type of disk and the T-PP information and watermark 
information is described below. 

That is, the T-PP information (copyright 
protection information by T-PP signal) and watermark 
information (copyright protection information by 
digital watermarking) are recorded on the copyrighted 
read only disk called ROM (regular ROM or original 
disk) , but not on the copyright -free disk. 

With this, since the T-PP information cannot be 
copied to the disk of pirated edition (write once disk 
and rewritable disk) which is produced by unauthorized 
copying from the copyrighted ROM, the T-PP information 
is not recorded thereon. However, watermark information 



is copied and recorded thereon. 

In addition, neither the T-PP information nor 
watermark information is recorded on the disk which was 
not copied by unauthorized copying (write once disk and 
rewritable disk) . 

The relationship as described above (Table 1) is 
stored in advance in a memory (not shown) so that CPU 8 
can access to the memory. 



(Table 1) 



TYPE OF DISK 


DETECTION OF T-PP 
INFORMATION 


DETECTION OF j 

WATERMARK 

INFORMATION 


ORIGINAL DISK 


O 


o 


COPYRIGHT -FREE 
DISK 


X 


X 


DISK OF PIRATED 
EDITION 


X 


o 


WRITE ONCE DISK 


X 


X 


REWRITABLE DISK 


X 


X 



In the reproducing apparatus (system) , a method 
for restricting reproduction with respect to the disk 
of pirated edition is described below. 

Fig. 2 is an explanatory drawing illustrating the 
outline of restricting a reproducing process. 

Fig. 3 is a flowchart illustrating a process flow. 

The optical disk to be reproduced is loaded and 
set in the reproducing apparatus (SI) . Then, the pickup 
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unit 2 moves to the T-PP information recording area in 
order to judge whether or not the T-PP information is 
recorded on the optical disk. 

After that, according to the above method, it is 
judged whether or not the T-PP information is recorded 
on the optical disk, and the result of judgement is 
transferred to the CPU 8 (S2) . 

When it is judged in S2 that the T-PP information 
is detected (reproduced), the CPU 8 judges that the 
optical disk which has been loaded is a copyrighted ROM 
(original disk) according to Table 1 (S3) . 

The output control unit 7 which has received the 
main information from the RF signal processing unit 4 
transfers the main information to the output unit 9 
without restricting the main information. This enables 
the information recorded in the optical disk to be 
reproduced (S4) . 

On the other hand, when it is judged in S2 that 
the T-PP information is not detected (reproduced) , the 
watermark information processing unit 5 receives the 
main information from the output of RF signal 
processing unit 4, and according to the above method, 
judges whether or not watermark information is recorded 
on the optical disk, and the result of judgement is 
transferred to the CPU 8 (S5) . 
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When it is judged that watermark information is 
not detected, the CPU 8 judges that the optical disk 
which has been loaded is the copyright -free disk, write 
once disk, or rewritable disk (S6) . 

In this case, the output control unit 7 which has 
received the main information from the RF signal 
processing unit 4 transfers the main information to the 
output unit 9 without restricting the main information. 
This enables the information recorded in the optical 
disk to be reproduced (S4) . 

When it is judged in S5 that watermark information 
is detected (reproduced) , the CPU 8 judges that the 
disk which has been loaded is the disk of pirated 
edition according to Table 1 (S7) . 

In this case, the output control unit 7 which has 
received the main information from the RF signal 
processing unit 4 receives a reproduction control 
signal from the CPU 8 and restricts transfer of the 
main information to the output unit 9. 

Reproduction may be restricted, for example, by 
way of not performing reproduction at all, restricting 
a reproducing time period, or reproducing data with 
poor image quality. Alternatively, a warning may be 
displayed on a display screen against users. 

Referring to Fig. 10, another embodiment of the 



present invention is described below. 

In this embodiment, instead of using the T-PP 
signal, the pit position to record the main information 
is shifted from a regular pit position in track 
directions. The shift is made according to the 
additional information. Here, each pit has the same 
depth. 

Also in this case, since the pit is formed at a 
shifted position from a regular pit position in track 
directions, it is impossible to physically copy the pit 
shift to another recordable optical recording medium. 
That means, in case of unauthorized copying, the 
additional information by the shift from the regular 
pit position (regular position) is not detected 
(reproduced) . 

As shown in Fig. 10, with respect to the optical 
disk used in the present embodiment, a pit to record 
information is recorded at a position slightly shifted 
from a regular pit position (regular position) in track 
directions . 

In reproducing the optical disk, the phase of the 
output of the RF signal is shifted by a large margin 
with respect to that of the reference clock when a PLL 
circuit (not shown) which takes synchronization of the 
reproducing signal and reference clock reproduces a pit 



which has been recorded by being slightly shifted with 
respect to the regular position in a track direction 
and when the PL.L circuit processes the pit which has 
been recorded at a shifted position. Thus, in this 
case, the output of a phase comparing unit (not shown) 
becomes larger than that from the pit which has been 
recorded at the regular position. 

For example, the output of the phase comparing 
unit becomes large in ( + ) direction in the case of a 
pit slightly shifted from the regular position in the 
rotating direction, whereas the output of the phase 
comparing unit becomes large in (-) direction in the 
case of a pit slightly shifted from the regular 
position in the reverse rotating direction. 

Generally, by setting a threshold value between 
the output of a pit (pit recorded at a regular 
position) in reproducing and the output of a pit which 
has been recorded at a slightly shifted position in the 
track direction in reproducing, it is possible to 
detect the pit which has been recorded intentionally at 
a shifted position. That is, it is possible to record 
hidden information in the ( + ) and (-) directions. 

On the other hand, if copying of information in 
the optical disk to another recordable disk is 
attempted, the pit which has been recorded at a 



position slightly shifted from a regular position in 
the track direction is forced to change into a signal 
in synchronism with a reference clock by the processing 
(operation) of the PLL circuit. 

with this, it is impossible to copy the pit which 
has been recorded at a position slightly shifted from a 
regular position in the track direction to another 
recordable disk. 

In other words, information of the pit which has 
been recorded at a position slightly shifted from a 
regular position in the track direction cannot be 
detected from the recordable disk which has attempted 
to copy the information. 

The reproducing apparatus according to the present 
embodiment can be realized by providing a pit position 
detecting unit instead of the T-PP signal processing 
unit 6 of Fig. 8 (other structure is the same as that of 
Fig. 8) . 

Further, the flow of Fig. 3 using the T-PP signal 
can be used as well for judging whether or not the disk 
is the object of copyright protection, by changing S2 
from "whether or not T-PP information is recorded" to 
"whether or not a pit which has been shifted 
intentionally is detected" . 

As described above, according to the optical disk 



of the present embodiment, if unauthorized copying of 
an optical recording medium in which a pit is formed at 
a position shifted from a regular position in the track 
direction to another recordable optical recording 
medium is attempted, the pit which has been formed at a 
shifted position is forced to change into a 
signal in synchronism with a reference clock. 

As a result, the pit which has been formed at a 
shifted position cannot be recorded. Therefore, 
information associated with the shifted pit cannot be 
detected from the optical recording medium by 
unauthorized copying. 

Detecting information associated with a pit is 
described as follows. That is, in reproducing the 
optical recording medium in which a pit has been formed 
at a regular pit position, the reproducing signal is 
synchronized with the reference clock. Therefore, there 
is almost no phase shift between the reproducing signal 
and the reference clock. 

Conversely, in reproducing the optical recording 
medium in which a pit has been formed at a position 
shifted from a regular pit position in the track 
direction, a phase shift between the reproducing signal 
and the reference clock becomes large. 

For example, if it is detected that such a phase 



shift exceeds a predetermined value (threshold value) , 
it can be judged that the optical recording medium in 
reproducing is the one in which a pit has been formed 
at a position shifted from a regular position in the 
track direction. 

On the other hand, if detected a phase shift is 
at or below a predetermined value, it can be judged 
that the optical recording medium in reproducing is the 
one in which a pit has been formed at a regular 
position . 

In addition, copyright protection information by 
digital watermarking is embedded in the main 
information. In copying " to another recordable optical 
recording medium, the copyright protection information 
is copied as it is. That is, in case of unauthorized 
copy, this copyright protection information is 
detected. 

As described above, in case of unauthorized copy, 
the additional information associated with the shift is 
not detected even if this optical recording medium is 
reproduced, whereas copyright protection information 
embedded in the main information is detected. 

Therefore, on the basis of this detection result, 
it is possible to judge accurately whether or not the 
optical recording medium is the one by unauthorized 



copying . 

Referring to Fig. 11, a further embodiment of the 
present invention is described below. 

The present embodiment describes the case 
utilizing error correction, instead of the T-PP signal. 

Typically, information in a disk is recorded by 
the unit of ECC block. In this embodiment, after an 
error correcting code of one ECC block is generated for 
original data, hidden information is written over the 
original information of one or more predetermined 
location (region) in the ECC block. 

Here, it is required that the error correcting 
code is not changed and the hidden information is 
overwritten only to the extent where it does not exceed 
the error correcting ability. Also, the copyright 
protection information is embedded in the main 
information before the error correcting code is 
generated. 

The information completed in such way is recorded 
as the main information on the disk. In reproducing 
this disk, data of one or more predetermined location 
in ECC block is read out. If it is confirmed that the 
data is hidden information, the disk is judged to be 
the original one . 

On the other hand, if copying this disk to another 
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recordable recording medium is attempted, the error 
correction in reproducing turns hidden information 
which has been overwritten in the ECC block back to the 
original information on the basis of the error 
correcting code. 

With this, the hidden information is not detected 
(reproduced) from this another recordable disk which 
h% ha s copied the information converted back to the 

O original information. Fig. 11 shows a schematic flow of 

!jj this process. 

Ctf The reproducing apparatus according to the present 

» embodiment can be realized by providing a hidden 

ill information detecting unit instead of the T-PP signal 

41 processing unit 6 of Fig. 8 (other structure is the same 

a 

U as that of Pig. 8) . 

The flow of Fig. 3 using the T-PP signal can be 
used as well for judging whether or not the disk is the 
object of copyright protection, by changing S2 from 
"whether or not T-PP information is recorded" to 
"whether or not hidden information is detected" . 

In the optical disk according to the present 
embodiment, the information in plural predetermined 
regions in the error correcting block, which is the 
main information corresponding to the error correcting 
code, is changed and recorded as main information in 
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the form of pits, and copyright protection information 
is embedded in the main information by digital 
watermarking . 

In this case, the information in plural 
predetermined regions in the error correcting block, 
which is the main information corresponding to the 
error correcting code, is changed and recorded in the 
form of pits. Note that, the error correcting code is 
not changed. 

In this manner, if unauthorized copying of the 
optical recording medium including main information in 
which information in plural predetermined regions has 
been changed without changing the error correcting code 
to another recordable optical medium is attempted, the 
main information so changed in the error correction 
code block is subjected to error correction in 
reproducing so that the content of the information in 
plural predetermined regions is converted back to the 
original information before the change. 

Thus, the main information which has been turned 
back to the original information before the change is 
copied to the optical recording medium by unauthorized 
copying. Therefore, the information which has been 
changed in the foregoing manner cannot be detected from 
the optical recording medium by unauthorized copying. 



In addition, if the optical recording medium 
including the main information in which information in 
the plural predetermined regions has been changed is 
reproduced, the information which has been changed is 
detected as it is. Therefore, it is possible to judge 
that this optical recording medium is not the one by 
unauthorized copying. 

On the other hand, copyright protection 
information is embedded in the main information by 
digital watermarking. In copying to another recordable 
optical recording medium, the copyright protection 
information is copied as it is. That is, in case of 
unauthorized copy, this copyright protection 
information is detected. 

As described above, in case of reproducing the 
optical recording medium which was made by unauthorized 
copying, the main information in which information in 
the plural predetermined regions has been changed is 
not detected, whereas the copyright protection 
information embedded in the main information is 
detected . 

Therefore, on the basis of this detecting result, 
it is possible to judge accurately whether or not the 
optical recording medium is the one by unauthorized 
copying. 
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It is preferable that in another optical recording 
medium according to the present invention in which main 
information, and additional information required for 
reproducing the main information are recorded, wherein: 
the additional information is formed by pit, a depth of 
pits being formed according to the additional 
information, and copyright protection information by 
digital watermarking is embedded in the main 
information . 

According to this invention, the optical recording 
medium carries the main information and the additional 
information. The additional information is the 
information required to reproduce the main information. 

Since the depth of each pit carrying the 
additional information is formed according to the 
additional information, the pit depth cannot be copied 
to another recordable optical recording medium. That 
means, in case of unauthorized copy, the additional 
information according to this pit depth is not 
detected; therefore, the optical recording medium by 
unauthorized copying cannot be reproduced properly. 

On the other hand, the copyright protection 
information is embedded in the main information by 
digital watermarking. In copying to another recordable 
optical recording medium, the copyright protection 



information is copied as it is. That is, in case of 
unauthorized copy, the copyright protection information 
is detected. 

As described above, in case of unauthorized copy, 
even if this optical recording medium is reproduced, 
the additional information according to the pit depth 
is not detected, whereas copyright protection 
information embedded in the main information is 
detected. Therefore, this result of detection makes it 
possible to judge accurately whether or not the optical 
recording medium is the one by unauthorized copying. 

The pits include a first pit having a first depth 
and a second pit having a second depth. When a 
wavelength of a reproduction light beam is A and a 
refractive index of optical recording medium is n, 
preferably, the first depth is less than A/4n, the 
second depth exceeds X/4n. 

In this case, in the first pit and the second pit, 
the polarities of the signal (tangential push/pull 
signal) which is detected when the reproduction light 
beam is projected become different at the front edge 
and rear edge of the pit. This is because the pit depth 
is different. 

In this manner, a change in the pit depth makes it 
possible to record information in higher density. 



It is preferable that in further other optical 
recording medium according to the present invention in 
which main information, and additional information 
required for reproducing the main information are 
recorded, wherein: the additional information is formed 
by pits, all of the pits have an equal depth and are 
formed at a position shifted from a regular pit 
position in a track direction according to the 
additional information, and copyright protection 
information by digital watermarking is embedded in the 
main information. 

According to this invention, since the pit 
carrying the additional information is formed at a 
position shifted from a regular pit position in the 
track direction, it is impossible to physically copy 
shifted pit to another recordable optical recording 
medium. 

That means, in case of unauthorized copying, the 
additional information associated with the shift from 
this regular pit position is not detected; therefore, 
the optical recording medium by unauthorized copying 
cannot be reproduced properly. 

If unauthorized copying of an optical recording 
medium in which a pit is formed at a position shifted 
from a regular position in the track direction to 



another recordable optical recording medium is 
attempted, the pit which has been formed at the shifted 
position is forced to change into a signal in 
synchronism with a reference clock. 

As a result, recording of the pit which has been 
formed at the shifted position cannot be performed. 
Therefore, information associated with the shifted pit 
cannot be detected from the optical recording medium 
which was made by unauthorized copying. 

Detecting information associated with a pit is 
described as follows. That is, in reproducing the 
optical recording medium in which a pit has been formed 
at a regular pit position, the reproducing signal is 
synchronized with the reference clock. Therefore, there 
is almost no phase shift between the reproducing signal 
and the reference clock. 

Conversely, in reproducing the optical recording 
medium in which a pit has been formed at a position 
shifted from a regular pit position in the track 
direction, a phase shift between the reproducing signal 
and the reference clock becomes large. 

For example, if it is detected that such a phase 
shift exceeds a predetermined value (threshold value) , 
it can be judged that the optical recording medium in 
reproducing is the one in which a pit has been formed 
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at a position shifted from a regular position in the 
track direction. On the other hand, if detected a phase 
shift is at or below a predetermined value, it can be 
judged that the optical recording medium in reproducing 
is the one in which a pit has been formed at a regular 
position. 

In addition, copyright protection information by 
digital watermarking is embedded in the main 
information. In copying to another recordable optical 
recording medium, the copyright protection information 
is copied as it is. That is, in case of unauthorized 
copy, this copyright protection information is 
detected. 

As described above, in case of unauthorized copy, 
the additional information associated with the shift is 
not detected even if this optical recording medium is 
reproduced, whereas copyright protection information 
embedded in the main information is detected. 
Therefore, on the basis of this detection result, it is 
possible to judge accurately whether or not the optical 
recording medium is the one by unauthorized copying. 

It is preferable that in yet another optical 
recording medium according to the present invention in 
which an error correcting code with respect to main 
information is provided in the form of pits by a unit 



of error correcting code block, wherein: information in 
plural predetermined regions in the error correcting 
block, which is the main information corresponding to 
the error correcting code, is changed and recorded as 
the main information, and copyright protection 
information by digital watermarking is embedded in the 
main inf ormat ion . 

According to this invention, the error correcting 
code with respect to the main information is provided 
in the form of pits by the unit of error correcting 
code block. 

In this case, the information in plural 
predetermined regions in the error correcting block, 
which is the main information corresponding to the 
error correcting code, is changed and recorded in the 
form of pits. Note that, the error correcting code is 
not changed . 

In this manner, if unauthorized copying of the 
optical recording medium including main information in 
which information in plural predetermined regions has 
been changed without changing the error correcting code 
to another recordable optical medium is attempted, the 
main information so changed in the' error correction 
code block is subjected to error correction in 
reproducing so that the content of the information in 
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plural predetermined regions is converted back to the 
original information before the change. 

Thus, the main information which has been turned 
back to the original information before the change is 
copied to the optical recording medium by unauthorized 
copying. Therefore, the information which has been 
changed in the foregoing manner cannot be detected from 
the optical recording medium by unauthorized copying. 

In addition, if the optical recording medium 
including the main information in which information in 
the plural predetermined regions has been changed is 
reproduced, the information which has been changed is 
detected as it is. Therefore, it is possible to judge 
that this optical recording medium is not the one by 
unauthorized copying. 

On the other hand, copyright protection 
information is embedded in the main information by 
digital watermarking. In copying to another recordable 
optical recording medium, the copyright protection 
information is copied as it is. That is, in case of 
unauthorized copy, this copyright protection 
information is detected. 

As described above, in case of reproducing the 
optical recording medium which was made by unauthorized 
copying, the main information in which information in 
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the plural predetermined regions has been changed is 
not detected, whereas the copyright protection 
information embedded in the main information is 
detected. Therefore, on the basis of this detecting 
result, it is possible to judge accurately whether or 
not the optical recording medium is the one by 
unauthorized copying. 

According to a reproducing apparatus of the 
present invention, it is preferable that the 
reproducing apparatus comprises : reproducing means for 
reproducing an optical recording medium which has been 
loaded; and reproduction restricting means for judging 
that the optical recording medium which has been loaded 
is the one by unauthorized copying, so as to restrict 
reproduction by said reproducing means, when the 
optical recording medium reproduced by said reproducing 
means is an optical recording medium in which main 
information, and additional information required for 
reproducing the main information are recorded, the 
additional information being physically formed, the 
main information being embedded with copyright 
protection information by digital watermarking, and 
when said reproducing means does not reproduce the 
additional information and reproduces the copyright 
protection information. 



According to a reproducing apparatus of the 
present invention, it is preferable that the 
reproducing apparatus comprises: reproducing means for 
reproducing an optical recording medium which has been 
loaded; and reproduction restricting means for judging 
that the optical recording medium which has been loaded 
is the one by unauthorized copying, so as to restrict 
reproduction by said reproducing means, when the 
optical recording medium reproduced by said reproducing 
means is an optical recording medium in which main 
information, and additional information required for 
reproducing the main information are recorded, the 
additional information being formed by pits, a depth of 
the pits being formed according to the additional 
information, the main information being embedded with 
copyright protection information by digital 
watermarking, and when said reproducing means does not 
reproduce the additional information and reproduces the 
copyright protection information. 

According to a reproducing apparatus of the 
present invention, it is preferable that the 
reproducing apparatus comprises: reproducing means for 
reproducing an optical recording medium which has been 
loaded; and reproduction restricting means for judging 
that the optical recording medium which has been loaded 



is the one by unauthorized copying, so as to restrict 
reproduction by said reproducing means, when the 
optical recording medium reproduced by said reproducing 
means is an optical recording medium in which main 
information, and additional information required for 
reproducing the main information are recorded, the 
additional information being formed by pits, a depth of 
the pits being formed according to the additional 
information, the main information being embedded with 
copyright protection information by digital 
watermarking, the pits further including a first pit 
having a first depth and a second pit having a second 
depth, the first depth being less than X/4n and the 
second depth exceeding X/4n where X is a wavelength of 
a reproduction light beam and n is a refractive index 
of the optical recording medium, and when said 
reproducing means does not reproduce the additional 
information and reproduces the copyright protection 
information. 

According to a reproducing apparatus of the 
present invention, it is preferable that the 
reproducing apparatus comprises: reproducing means for 
reproducing an optical recording medium which has been 
loaded; and reproduction restricting means for 
judging that the optical recording medium which has 
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been loaded is the one by unauthorized copying, so as 
to restrict reproduction by said reproducing means, 
when the optical recording medium reproduced by said 
reproducing means is an optical recording medium in 
which main information, and additional information 
required for reproducing the main information are 
recorded, the additional information being formed by 
pits, all of the pits having an equal depth and being 
formed at a position shifted from a regular pit 
position in a track direction according to the 
additional information, the main information being 
embedded with copyright protection information by 
digital watermarking, and when said reproducing means 
does not reproduce the additional information and 
reproduces the copyright protection information. 

According to this invention, since the additional 
information in the optical recording medium is formed 
physically (in the form of the pit depth or by being 
shifted from a regular pit position in the track 
direction) , copying to another recordable optical 
recording medium cannot be performed. 

On the other hand, copyright protection 
information is embedded in the main information by 
digital watermarking. In copying to another recordable 
optical recording medium, the copyright protection 
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information is copied as it is. That is, in case of 
unauthorized copying, this copyright protection 
information is detected. 

As described above, in case of unauthorized 
copying, even when the optical recording medium by 
unauthorized copying is reproduced, the additional 
information formed physically is not reproduced, 
whereas the copyright protection information is 
reproduced . 

In this case, the reproduction restricting means 
judges that the optical recording medium is the one 
which has been copied by unauthorized coping, and 
restricts reproduction by the reproduction restricting 
means. As a result, reproduction of the optical 
recording medium which has been copied by unauthorized 
copying is restricted. 

Reproduction may be restricted, for example, by 
way of not performing reproduction at all, restricting 
a reproducing time period, or reproducing data with 
poor image quality. 

Note that, with respect to copyrighted optical 
recording media, copyright -free write once and 
rewritable type optical recording media, reproduction 
is carried out as a regular reproducing apparatus. 

In this manner, in case of unauthorized copying, 
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reproduction is restricted. Therefore, even if 
unauthorized copying is attempted on the basis of data 
which was created by encoding images delivered on a 
screen, a desired copy cannot be obtained because the 
image is given restriction. 

That is, according to the above reproducing 
apparatus, it is possible to prohibit recording and 

l s u reproducing of unauthorized copies based on encoded 

i-i* -j 

q! data, and to reproduce write once and rewritable 

U| optical recording medium which are not subject to 

fil copyright protection. 
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According to another reproducing apparatus of the 
ry present invention, it is preferable that the 
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j; reproducing apparatus comprises: reproducing means for 
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j, B|l reproducing an optical recording medium which has been 

loaded; and reproduction restricting means for judging 
that the optical recording medium which has been loaded 
is the one by unauthorized copying, so as to restrict 
reproduction by said reproducing means, when the 
optical recording medium reproduced by said reproducing 
means is an optical recording medium in which an error 
correcting code with respect to main information is 
provided in the form of pits by a unit of error 
correcting block, information in plural predetermined 
regions in the error correcting block, which is the 



main information corresponding to the error correcting 
code, being changed and recorded as the main 
information, the main information being embedded with 
copyright protection information by digital 
watermarking, and when said reproducing means does not 
detect a change in the information in the plural 
predetermined regions and reproduces the copyright 
protect ion inf ormat ion . 

According to the above invention, with respect to 
optical recording medium, the main information in which 
information in the plural predetermined regions has 
been changed without changing the error correcting code 
cannot be copied to another recordable optical 
recording medium by unauthorized copying. 

That is, from the optical recording medium copied 
by unauthorized copying, the information which has been 
changed in the main information is not reproduced, but 
copyright protection information is reproduced as it 
is . 

If optical recording medium which was made by 
unauthorized copying is loaded and reproduced, the main 
information in which information in the plural 
predetermined regions has been changed is not detected, 
whereas the copyright protection information embedded 
in the main information is reproduced. 



In this case, the reproduction restricting means 
judges that the optical recording medium is the one 
which has been copied by unauthorized coping and 
restricts reproduction by the reproduction restricting 
means. As a result, reproduction of the optical 
recording medium which has been copied by unauthorized 
copying is restricted. 

Reproduction may be restricted, for example, by 
way of not performing reproduction at all, restricting 
a reproducing time period, or reproducting data with 
poor image quality. 

On the other hand, with respect to copyrighted 
optical recording media, copyright -free write once and 
rewritable type optical recording media, reproduction 
is carried out as a regular reproducing apparatus. 

In this manner, in case of unauthorized copying, 
reproduction is restricted. Therefore, even if 
unauthorized copying is attempted on the basis of data 
which was created by encoding images delivered on a 
screen, a desired copy cannot be obtained because the 
image is given restriction. 

That is, according to the above reproducing 
apparatus, it is possible to prohibit recording and 
reproducing of unauthorized copies based on encoded 
data, and to reproduce write once and rewritable 



optical recording medium which are not subject to 
copyright protection. 

Also, the present invention can be described as 
below. 

A first optical disk according to the present 
invention may be adapted to include a region where 
information is recorded in the form of pits of the same 
or different pit depth, and first information based on 
the quantity of reflected light from the pits and 
second information different from the first information 
obtained from the pits, wherein information by digital 
watermarking is embedded in the first information based 
on the quantity of reflected light from the pits, 
copyright information is protected based on the first 
and the second information. 

In a second optical disk according to the present 
invention, it is preferable in the first optical disk 
that the pits have different depths, one below X/4n and 
above X/4n, where X is a wavelength of a reproduction 
light beam and n is a refractive index of optical 
recording medium, and the second information is 
recorded using the pits having these two kinds of 
depths . 

In a third optical disk according to the present 
invention, it is preferable in the first optical disk 
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that the pits have the same depth, and the second 
information is recorded by changing the position of the 
pit arbitrarily with respect to the position where a 
signal in synchronism with a predetermined clock can be 
obtained. 

In a fourth optical disk according to the present 
invention, it is preferable in the first optical disk 
that the information which is obtained on the basis of 
the quantity of reflected light from the pits includes 
the second information in which predetermined 
information is written over plural predetermined 
original information without changing the error 
correcting code. 

Further, it is preferable that a first reproducing 
apparatus according to the present invention, for 
reproducing the second optical disk, comprises: 
detecting means for detecting the first information 
based on the quantity of reflected light from the pit; 
detecting means for detecting the second information 
which is based on the polarity of a tangential 
push/pull signal obtained from the pit; detecting means 
for detecting digital watermark information embedded in 
the information which is based on the quantity of 
reflected light from the pit; and restricting means for 
restricting reproduction of the information which is 



based on the quantity of reflected light from the pit 
on the basis of the detecting result of the detecting 
means . 

It is preferable that a second reproducing 
apparatus according to the present invention, for 
reproducing the third optical disk, comprises: 
detecting means for detecting the first information 
based on the quantity of reflected light from the pit; 
detecting means for detecting the second information 
which is the signal obtained when the signal from the 
pit is subjected to the PLL process; detecting means 
for detecting digital watermark information embedded in 
the information which is based on the quantity of 
reflected light from the pit; and restricting means for 
restricting reproduction of the information which is 
based on the quantity of reflected light from the pit 
on the basis of the detecting result of the detecting 
means . 

It is preferable that a third reproducing 
apparatus according to the present invention, for 
reproducing the fourth optical disk, comprises: 
detecting means for detecting the first information 
based on the quantity of reflected light from the pit; 
detecting means for detecting the second information 
which is the signal made up of plural predetermined 



information included in the information obtained from 
the pit; detecting means for detecting digital 
watermark information embedded in the information which 
is based on the quantity of reflected light from the 
pit; and restricting means for restricting reproduction 
of the information which is based on the quantity of 
reflected light from the pit on the basis of the 
detecting result of the detecting means. 

It is preferable that a first reproducing method 
according to the present invention, for reproducing the 
second optical disk, comprises: a first step of 
detecting the second information based on the polarity 
of a tangential push/pull signal obtained from the pit; 
a second step of detecting digital watermark 
information embedded in the first information which is 
based on the quantity of reflected light from the pit; 
a third step of judging whether or not the optical disk 
is by unauthorized copying on the basis of the result 
of the first and the second steps; and a fourth step of 
restricting reproduction of the optical disk when the 
optical disk was judged to be made by unauthorized 
copying . 

It is preferable that a second reproducing method 
according to the present invention, for reproducing the 
third optical disk, comprises: a first step of 



detecting the second information which is the signal 
obtained when the signal from the pit is subjected to 
the PLL process; a second step of detecting digital 
watermark information embedded in the first information 
which is based on the quantity of reflected light from 
the pit; a third step of judging whether or not the 
optical disk is by unauthorized copying on the basis of 
the result of the first and the second steps; and a 
fourth step of restricting reproduction of the optical 
disk when the optical disk was judged to be made by 
unauthorized copying . 

It is preferable that a third reproducing method 
according to the present invention, for reproducing the 
fourth optical disk, comprises: a first step of 
detecting the second information which is the signal 
made up of plural predetermined information included in 
the information obtained from the pit; a second step of 
detecting digital watermark information embedded in the 
first information which is based on the quantity of 
reflected light from the pit; a third step of judging 
whether or not the optical disk is by unauthorized 
copying on the basis of the result of the first and the 
second steps; and a fourth step of restricting 
reproduction of the optical disk when the optical disk 
is judged to be made by unauthorized copying. 



- 58 - 

The present invention makes it possible to 
accurately find the disk of pirated edition which has 
been made by unauthorized copying of a copyrighted disk 
to another recordable disk, and to restrict the 
reproduction of the disk which was made by unauthorized 
copying, which can prevent infringement of copyright 
effectively. Conversely, it is possible to find the 
disk in which copyright - free information is recorded, 
so that no restriction of reproducing is given to the 
disk. In addition, it is possible to prohibit recording 
and reproducing of unauthorized copies which are based 
on encoded data. 

The invention being thus described, it will be 
obvious that the same way may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all 
such modifications as would be obvious to one skilled 
in the art are intended to be included within the scope 
of the following claims. 



